Background: Hepatocellular carcinoma (HCC) is the leading cause of cancer-related death worldwide. LINC00460, a novel long non-coding RNA (lncRNA), was recently confirmed as an oncogene in various cancers. However, the biological function and underlying mechanism of LINC00460 in HCC is largely obscure. Methods: Fifty pairs of tumor tissue and adjacent normal tissues from HCC patients, as well as six HCC cell lines and a normal human hepatic epithelial cell line were subjected to qRT-PCR assay to evaluate the expression levels of LINC00460. CCK-8 assays were used to detect the proliferation of HCC cells. Transwell assay was used to measure the migration and invasion abilities of HCC cells. RNA pull-down and luciferase assays were performed to verify the direct interaction between LINC00460 and miR-342-3p. A xenograft model of HCC was established to validate the in vivo function of LINC00460 in HCC progression. Results: We firstly detected LINC00460 expression was significantly upregulated in both HCC tumor tissues and cell lines. The upregulation of LINC00460 was positively associated with HCC progression. Functionally, LINC00460 facilitated HCC cell proliferation, migration, and invasion capacities, which due to that LINC00460 could physically bind to and repress miR-342-3p to elevate the expression of AGR2. Conclusion: Our data firstly reveal the clinical relevance, biological function, and regulatory mechanism of LINC00460 in HCC development. LINC00460 promotes HCC progression by elevating AGR2 expression via sponging miR-342-3p, providing a promising therapeutic target for HCC treatment.
novel biomarkers and therapeutic targets for cancer. Recently, LINC00460, a cancer-related lncRNA, has been highlighted to be involved in carcinogenesis and promotes tumor proliferation, invasion, and migration, and its upregulation is generally associated with tumor grade and poor prognosis. 8, 9 However, the role and underlying molecular mechanism of LINC00460 in HCC remains unclear. MicroRNAs are short small nonproteincoding RNAs with around 22 nucleotides, and negatively regulate target gene expression by targeting its 3ʹ untranslated region (UTR) of mRNA. Increasing evidence has demonstrated that miRNAs play crucial roles in various biological processes, involving cell growth, differentiation, and apoptosis. 10 But whether LINC00460 could interact with miRNA in HCC still remains to be explored.
Here, we aimed to explore the biological function, mechanism and clinical implication of LINC00460 in HCC progression. We firstly demonstrated that LINC00460 expression was significantly increased in HCC tumor tissues and cell lines, which was closely correlated with advanced clinical features of HCC. Functionally, LINC00460 could bind to and sequester miR-342-3p to elevate the expression of AGR2, thereby promoting HCC cell proliferation, migration, and invasion.
Materials and Methods Clinical Patient Samples
Fifty pairs of HCC and adjacent para-carcinoma tissue samples were collected in the Department of General Surgery, The People's Hospital of Yichun City and Department of General Surgery, the Third Affiliated Hospital of Nanchang University. These tissues were instantly placed into liquid nitrogen to protect RNA integrity and stored at −80°C for further analysis. All patient sample collections were approved by the ethics committee of the Department of General Surgery, The People's Hospital of Yichun City and the Department of Gastroenterology, the First Affiliated Hospital of Nanchang University. The clinicopathological features of the patients were listed in Table 1 . Written informed consent had been obtained from all patients. as the manufacturer's protocol. Briefly, 3 x 10 5 cells were seeded in a six-well tissue culture plate, and incubated the cells until 60-80% confluent. Then we prepared the following solutions: (1) Solution A, we used 2 μg plasmid or diluted 10 μL of siRNA duplex (100 pmol siRNA) into 250 μL optiMEM; (2) Solution B, we diluted 5 μL of Lipofectamine 2000 into 250 μL optiMEM., each solution was incubated at room temperature for 5 min. Then we mixed Solution A directly to Solution B for 20 min at room temperature. Subsequently, 500 μL mixture was added to each well containing cells and medium. Finally, cells were incubated for 6 h at 37°C in a CO 2 incubator and replace the medium. Cells were subjected to the following experiments after 48 h of transfection.
The siRNA sequences for transfection were following: LINC00460-siRNA: 5′-AGACCTAATAGCCAATAAG-3′; AGR-siRNA: 5ʹ-UGAUGAAUAAUCAUCAAGGGUCCUUGAUG AUUAUUCAUCACU-3ʹ; scramble-siRNA: 5′-GGACUCUCGGAUUGUAAGAUU-3′.
Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR)
Total RNAs were extracted from tissues and cell lines using TRIzol reagent (Invitrogen, CA, USA). The firststrand cDNA was reverse transcribed from RNAs using reverse transcriptase kit (Takara, Otsu, Japan). qRT-PCR was performed using SYBR Green SuperMix (Roche, Basel, Switzerland) as the manufacturer's protocols. GAPDH and U6 were used as the internal control for lncRNA/mRNA and miRNAs, respectively. Besides, U6 and 18s rRNA were set as reference genes of the nucleus and cytoplasm respectively. Each sample was run in triplicate using samples from independent experiments. The relative mRNA expressions were expressed as a function of threshold cycle (Ct) and analyzed by 2 −ΔΔCt method. The primer sequences are listed in Table 2 .
CCK-8 Assay
Cell proliferation capacity was evaluated by a Cell Counting Kit-8 (CCK8, Dojindo, Japan) as the manufacturer's protocol. Cells were seeded at a density of 2×10 3 /well in 96-well plates. Cells were cultured for indicated times (24, 48 or 72 hrs). Then, 10 μL of CCK8 solution was added to each well, and incubated for 1 h at 37°C before the absorbance was measured at 450 nm wavelength with the microplate reader (Synergy H4 Hybrid Reader, BioTek, Winooski, USA). Each data point presents the mean ± s.d. of three independent experiments.
Colony Formation
A total of 500 cells were plated into 6-well plates. After culture for 14 days in a humidified 37°C incubator with 5% CO 2, the colonies were fixed with 10% formaldehyde for 30 min and then stained with 0.5% crystal violet (Beyotime, China) for 30 min. The colonies were photographed by the microscope (Olympus, Tokyo, Japan). 
Fluorescence in situ Hybridization (FISH)
The subcellular localization of LINC00460 was assessed using the FISH kit (BIS-P0001, Guangzhou Bersin Biotechnology Co., Ltd., Guangzhou, China). The cells slide was supplemented with LINC00460 probe hybridization solution labeled by Digoxigenin, while the antagonistic LINC00460 probe used as a negative control (NC). The slide was hybridized at 42°C for 16 h and immersed in 2 × SSC, followed by immersion in 70% ethanol for 3 min and stained with 4′6-diamidino-2-phenylindole (DAPI) for 10 min. The slide was photographed using the Zeiss LSM880 NLO confocal microscope (Leica, Germany).
Western Blot Analysis
When transfection finished, HepG2 and Huh7 cells were lysed in RIPA buffer (Beyotime, China). Total protein concentration was qualified with a BCA Protein Assay kit (Beyotime, China). Next, protein samples were separated by SDS-PAGE and transferred to PVDF membranes (Millipore, USA). The membranes were blocked with 5% non-fat milk for 1 h at room temperature, and then incubated with primary antibodies (AGR2, 1:5000 dilution, ab76473; GAPDH, 1:2000 dilution, ab8245) at 4°C overnight. Anti-Rabbit and anti-mouse IgG were used as the secondary antibody, respectively. All these antibodies were purchased from Abcam (Cambridge, UK). The protein bands were quantified with the ImageJ software (USA).
Tumor Xenograft Experiments
Male BALB/c nude mice (6-week old) were used for xenograft experiments. All animal protocols were approved by the Institutional Animal Care and Use Committee at the First Affiliated Hospital of Nanchang University. We used the guideline 3Rs (REPLACEMENT, REDUCTION AND REFINEMENT) for the welfare of the laboratory animals. Briefly, 5 × 10 6 HepG2 cells were subcutaneously injected into the flank of mice. After around one week, the tumor was visible (100-200 mm 3 ) and injected with the si-NC and si-LINC00460 twice per week. Tumor volumes were measured every 3 days. Tumor volume was calculated using the formula: Tumor volume (mm 3 ) = (width) × (height) 2 /2. After 15 days, mice were sacrificed for the further analysis and tumor weight was measured.
Statistical Analyses SPSS 21.0 software was used for all data analyses. Clinicopathological correlations were calculated by the Pearson Chi-square Test (Linear Regression). Significance of difference was calculated with Student's t-test unless otherwise indicated. P values less than 0.05 were considered significant (*P < 0.05; **P < 0.01; ***P < 0.001). The data show the mean ± s.d. of three independent biological experiments.
Result

LINC00460 Is Significantly Upregulated in HCC and Associated with the Poor Clinical Outcome
We first examined the LINC00460 expression in 50 pairs of HCC clinical samples by qRT-PCR assay. LINC00460 was remarkably upregulated in HCC tissues compared to that in adjacent normal tissues ( Figure 1A) , which was consistent with that in the six HCC cell lines (HepG2, Huh7, SMMC7721, BEL-7402, HCCLM3, and SK-HEP-1) relative to that in a normal human hepatic epithelial cell line LO2 ( Figure 1B) . To further explore the clinical significance of LINC00460 expression in HCC, we served the median value of LINC00460 in HCC tissue samples in Figure 1A as the cut-off value, and divided the 50 cases of HCC patients into two groups: the LINC00460 low expression group (n = 25) and LINC00460 high expression group (n = 25). Kaplan-Meier analyses results of relevant clinicopathological features of HCC patients demonstrated that increased expression of LINC00460 was positively associated with tumor differentiation, lymph node metastasis and tumor-nodemetastasis (TNM) stage (P < 0.01, Table 1 ), but there was no significant association between LINC00460 expression and age or gender of patients. The further statistical analyses revealed that patients with high LINC00460 had shorter overall survival and progress free survival relative to patients with low LINC00460 expression ( Figure 1C and D) . These results demonstrated that LINC00460 exerts a tumorpromoting effect on HCC progression.
Knockdown of LINC00460 Inhibits HCC Cell Proliferation, Migration and Invasion
To explore the role of LINC00460 in HCC, we performed loss of function experiments in HepG2 and Huh7 cells (Figure 2A ). CCK8 assay results demonstrated that knockdown of LINC00460 significantly decreased the cell proliferation in HepG2 and Huh7 cells ( Figure 2B ). Colony formation assay indicated that downregulated LINC00460 inhibited the colony numbers of HepG2 and Huh7 cells ( Figure 2C ). We next performed transwell assays to explore how LINC00460 impacts HCC cell migration and invasion. Results showed that the migration and invasion cell numbers of HepG2 and Huh7 cells treated with si-LINC00460 were markedly suppressed compared with that in the si-NC group (Figure 2D and E) . Collectively, these data suggested that knockdown of LINC00460 inhibits cell proliferation, migration, and invasion in HCC.
Overexpression of LINC00460 Promotes HCC Cell Proliferation, Migration and Invasion
To further investigate the function of LINC00460 in HCC progression, we overexpressed LINC00460 in HepG2 and 
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Huh7 cells with a relative high LINC00460 expression level ( Figure 3A) . The results of CCK-8 assays indicated that LINC00460 overexpression significantly enhanced the HCC cell viability in a time-dependent manner ( Figure 3B ). Moreover, more colonies were formed after LINC00460 upregulation ( Figure 3C ), suggesting that LINC00460 promotes the proliferation of HCC cells. We next detected the migration and invasion abilities of HCC cells with LINC00460 overexpression. Results showed that LINC00460 overexpression markedly repressed the migration and invasion of HepG2 and Huh7 cells ( Figure 3D and E). These results indicated that LINC00460 promotes proliferation, invasion, and migration of HCC cells.
LINC00460 Directly Interacts with miR-342-3p in HCC Cells
Emerging evidence demonstrated that long non-coding RNAs have been shown to serve as miRNA sponges in regulating the expression and biofunction of miRNAs. 11, 12 qRT-PCR and FISH assays results showed that LINC00460 was mainly located in the cytoplasm of HepG2 and Huh7 cells ( Figure 4A and B ), suggesting LINC00460 may be a sponge of miRNAs. Thus, we analyzed the potential binding miRNA partner of LINC00460. Results showed that LINC00460 may bind to miR-342-3p using the miRanda software (http://www.microrna.org/) ( Figure 4C ). Luciferase reporter assays results confirmed that overexpression of miR-342-3p obviously repressed the luciferase activity of wide-type (WT) LINC00460, but mutation of this binding motif diminished the inhibition ( Figure 4C ). In addition, RNA pull-down assays showed that the miR-342-3p expression was more enriched on the biotin-labeled LINC00460 probe ( Figure 4D ). Furthermore, LINC00460 overexpression led to the decreased miR-342-3p expression in HepG2 and Huh7 cells ( Figure 4E ). In 50 pairs of clinical samples, miR-342-3p was remarkably downregulated in HCC tumor tissues ( Figure 4F) , and there was a strong negative correlation between LINC00460 and miR-342-3p ( Figure 4G , Pearson, P < 0.001). All these results indicated that LINC00460 directly interacts with and inhibits miR-342-3p expression.
LINC00460 Increases AGR2 Expression via Sponging miR-342-3p in HCC Cells
Previous research demonstrated that AGR2 is a potential target of miR-342-3p. 13 Furthermore, overexpression of miR-342-3p significantly inhibited AGR2 expression on both mRNA and protein levels in HepG2 and Huh7 cells ( Figure 5A and B) . However, after co-transfection with LINC00460, this inhibitory effect on AGR2 expression was partially decreased ( Figure 5A and B) , implying that LINC00460 regulates AGR2 expression through miR-342-3p. In addition, we examined the expression level of LINC00460 in 50 pairs of HCC clinical samples by qRT-PCR assay. We found that AGR2 was upregulated in HCC tumor tissues ( Figure 5C ). AGR2 and LINC00460 were positively associated in HCC sample tissues (Pearson, P < 0.001, Figure 5D ), suggesting that LINC00460 elevated AGR2 expression by sponging miR-342-3p. To determine whether LINC00460 impacts HCC progression through AGR2/miR-342-3p axis, we co-transfected with miR-342-3p or si-AGR2 in LINC00460-overexpressed HCC cells ( Figure 5E ). CCK8 assays results showed that miR-342-3p overexpression or AGR2 knockdown rescued the enhanced proliferative effect of LINC00460 overexpression in HepG2 and Huh7 cells ( Figure 5E ). Furthermore, the elevated migration and invasion abilities were also suppressed after co-transfection with miR-342-3p mimic or si-AGR2 ( Figure 5F and G). These data indicated that LINC00460 increases AGR2 expression via sponging miR-342-3p, consequently facilitating the proliferation of HCC cells.
Depletion of LINC00460 Inhibits Tumor Growth in vivo
To validate the in vivo function of LINC00460 in HCC progression, a xenograft model of HCC was established using the LINC00460 knockdown (si-LINC00460) and control (si-NC) HepG2 cells. Tumor sizes were measured every 3 days. The results showed that the LINC00460 knockdown resulted in the reduction of both tumor size and weight ( Figure 6A ). Consistent with cellular assays results, LINC00460 knockdown decreased AGR2 expression but increased miR-342-3p expression in the HepG2 xenograft tumors ( Figure 6B ). Besides, as depicted in Figure 6C , the protein expression of AGR2 was downregulated in the si-LINC00460 group compared to that in the si-NC control. All results indicated that LINC00460 promotes HCC tumor growth in vivo by upregulating AGR2.
Discussion
Emerging evidence demonstrated that lncRNAs could function as endogenous miRNA sponges by binding to miRNAs in the cytoplasm and regulating their function. 12 As key regulators to regulate some key genes and signal pathways associated with the initiation and development of cancers, the abnormal expression of lncRNAs are closely related to tumor differentiation, proliferation, metastasis, and drug resistance, and other aspects, 6, 11, 12, 14, 15 thus becoming potential therapeutic targets and prognostic biomarkers for cancers.
Recently, a novel lncRNA LINC00460 has been highlighted to be involved in carcinogenesis. 8, 9 The expression of LINC00460 was reported to be upregulated in NSCLC tissues. LINC00460 can promote the NSCLC tumor metastasis through affecting EMT. 8 In addition, LINC00460 has been found significantly upregulated in prostate cancer and closely related to tumor progression and poor outcomes of the patients through the PI3K/AKT signaling pathway. 9 These results suggested that LINC00460 serves as an oncogene and could be a novel diagnostic biomarker in cancers. However, an in-depth investigation of LINC00460 clinical significance and underlying biological function in HCC has not been fully undertaken. In our study, we showed that the expression of LINC00460 was markedly upregulated in HCC tissues and cells, which was associated with clinicopathological features and shorter survival of HCC. Knockdown of LINC00460 impaired HCC cell proliferation, migration, and invasion. The nude mice xenografts further revealed that knockdown of LINC00460 inhibited tumor growth in vivo. These results demonstrated that LINC00460 functions as an oncogene that promotes HCC progression. The involvement of microRNAs in cancers and their significance as clinical biomarkers are becoming increasingly appreciated. 10, 16 LncRNAs could act as miRNA sponges and regulate their downstream target gene expression, thus participating in the tumor progression. 12 LINC00460 could promote HCC progression through sponging miR-485-5p to elevate PAK1. 17 Besides, miR-342-3p has been served as a tumor suppressor in HCC tumorigenesis, and its low expression is associated with poor prognosis of HCC. 18 Moreover, LINC00460 was found to promote gastric cancer cell proliferation, migration and invasion by sponging miR-342-3p to up-regulate KDM2A expression in GC cells. 19 Recently, anterior gradient protein-2 (AGR2), an androgen-regulated gene, has been identified as an oncogene and generally overexpressed in various cancers. [20] [21] [22] [23] AGR2 promotes the metastasis of breast cancer cells. 21 Besides, High AGR2 expression has been reported to show lower overall survival of CRC patients. AGR2 enhances the canonical Wnt/β-catenin dependent cell proliferation and differentiation, as well as regulates the stemness of colon cancer stem cells. 22 Moreover, AGR2 expression has been observed relatively high in prostate cancer and lung cancer. 20, 23 It has been reported that AGR2 is a direct target of miR-342-3p. 13 In our study, LINC00460 was proved to mainly distribute in the cytoplasm, thus regulating the post-transcription of miRNAs. Bioinformatic analysis (miRanda software) predicted that miR-342-3p was the only downstream miRNA target of LINC00460. RNA pull-down and luciferase assays were used to verify their interaction in HCC. Functionally, we found that LINC00460 markedly promoted the HCC proliferation, migration, and invasion by increasing AGR2 expression via sponging miR-342-3p, which were abrogated by co-transfection with miR-342-3p or si-AGR2.
Collectively, our findings firstly determined the expression level, clinical relevance, and function mechanism of LINC00460 in HCC, and revealed that LINC00460 facilitates HCC progression by regulating miR-342-3p/AGR2 axis, providing a potential therapeutic strategy for HCC treatment.
Conclusion
Our study demonstrated that LINC00460 is highly expressed in HCC tissues and cells. Its upregulation is closely associated with the TNM stage, metastasis and poor survival of HCC patients. LINC00460 serves as an oncogenic lncRNA that promotes HCC tumorigenesis via sponging miR-342-3p to elevate the AGR2 expression, which provides a promising therapeutic target for HCC treatment.
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Ethics Approval and Consent to Participate
The current study was approved by the ethics committee of the Department of General Surgery, the People's Hospital of Yichun City, and the Department of Gastroenterology, The First Affiliated Hospital of Nanchang University. Written informed consent was obtained from all patients and conducted in accordance with the Declaration of Helsinki.
